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OBSER-VATIONS ON THE MOVEMENTS OF THE ISOLATED 
HUMAN VEBMIFORM APPENDIX. 

BY JAMES A. GUNN AND H. H. ANGLIN WI-IITELOCKE. OXFORD. 

ONE of the writers has shown that when the heart.1 intestine,z or uterus3 of 
mammals is kept exsected in unorygenated Locke’s solution a t  ordinary room 
temperature, the spontaneous contractions of these organs cease, but that they 
can still be revived, after many hours, when the organs are subsequently 
supplied under proper conditions with oxygenated Locke’s solution at  the 
temperature of the body. The exsected intestine of the rabbit or cat, for 
example, can be kept in a condition of suspended activity in this way for a t  
least twenty-four hours, and yet display normal pendulum movements, and 
qualitatively normal reactions to  drugs, when revived after that time by the 
provision of oxygen and suitable elevation of temperature? 

It has also been pointed out3 that, with this knowledge, it is possible to  
perform experiments on certain exsected human tissues, removed in the course 
of surgical operations. The surgeon 
has ready in the hospital a beaker of cold Locke’s solution, into which the 
tissues are put immediately upon their removal. They are thus conveyed 
to  the laboratory, and there subjected to experiment by precisely the same 
methods as one employs for the corresponding isolated tissues of ordinary 
laboratory mammals. 

In  this way experiments can be made on such human organs as one can 
obtain, exactly parallel with experiments on the corresponding organs of other 
mammals. The tissues in both cases can, for example, be kept for an equal 
time in the cold solution prior t o  resuscitation. Experiments of this nature 
are, therefore, far removed from those which i t  might be possible to  perform 
on human tissues removed post mortem ; for in the former case there is every 
reason to  believe (as the result of actual experiment) that  the tissue, when kept 
in a condition of suspended activity, but in a physiologically normal environ- 
ment, from the time of its removal until the time of actual experiment, will 
display when revived something very near the condition of functional activity 
which i t  possessed a t  the time of its removal from the body. 

By this simple technique, at all events some near approximation can be 
reached to  a solution of certain problems in regard to  human tissues which, 
so far as one can see at present, can scarcely be attacked in any other way. 
For example, in the course of surgical operations i t  is sometimes necessary 
to  remove more than the actually diseased area; a normal Fallopian tube 
may occasionally have to  be removed with a diseased uterus. It is thus possible 
to  obtain certain tissues in varying stages, ranging from approximately normal 
to  a condition of advanced disease. Hence, by the method described one 
can, in the course of time, obtain material not only for determining the physio- 
logical reaction of human tissues, but also for investigating what departure 

The procedure adopted is a simple one. 
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from normal functioning is produced by pathological processes. In regard to 
the latter, much of our knowledge is at present not far removed froin conjecture. 

The present paper contains a preliminary account of the application of 
this method of investigation towards the elucidation of certain problems in 
regard to the human vermiform appendix. We have in the meantime directed 
our attention especially to the following points :- 

(1) What is the churmter of the spontaneous movements of the vermiform 
appendix in man ? ( 2 )  Whai changes, if any, occur in the motility of the organ 
at diffwent ages and in different diseased conditions ? 

In  drawing conclusions from such experiments, there are certain fallacies 
which have tg be avoided, but fortunately these are not of a nature likely to be 
overlooked. 

Methods-For recording the movements of the appendix, the method 
f i r s t  used by Magnus4 for investigating the movements of the isolated mammalian 
intestine was employed. The appendix was suspended in a bath of Ringer’s 
solution, which was kept at a temperature of 87” to 88” C., with oxygen 
bubbling through it. The Ringer’s solution was made up according to 

FIO. 04.-Movementa of isolated human appendix ; removed 14 hour6 previously. 

Locke’s formula, but without glucose, which substance, though beneficial to 
the mammalian heart, has been shown by Magnus and others to be injurious 
to the intestine. The appendix, or such part of it as was used, was sus- 
pended between two hooks. the lower of which was fixed, while the upper. 
attached by a thread to a lever, recorded the contractions of the longitudinal 
muscle of the appendix. The level magnified the movements about eight times. 

The Movements of the Isolated Appendlx.-In the last five months 
wc have investigated the movements of the appendix in a considerable number 
of cases, in twelve of which we have been able to perform the experiments 
within six hours of the removal of the organ. In coming to a decision in 
regard to the normal” movements of the exsected appendix, it is an 
obvious precaution to sclect those cases in which the organ showed the least 
signs of disease and was examined as soon after removal 3s possible. 

Fig. (St, which shows the movements of an appendix removed one and a 
half hours previously from a girl aged seven years, map be regarded as a typical 
record of the contraction‘s of the surriving appendix. Those movements bear 
a close resemblance to the contractions of the enervated colon of the dog, 
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as illtistratcd by Bayliss and Starling.5 The above-named authors describc 
the contractions in the latter as “qui te  diffcrcnt in character from the 
rhythmic beat of the small intestine ; they are much larger, of less frequency, 
and each contraction may last from 10 
these large contractions may be gcnerally 
but having an individual duratioii of 2 to 

Fro. 05.-Movements of isolbted rabbit’s appendix. 

t o  40 seconds. Superimposed on 
seen smaller ones, riot vcry regular. 
4 seconds.” In  the isolated human 
appendix also thcre are typically 
present larger contractions with 
(usually) superimposed sinaller 
contractions ; thc latter, however, 
may not appear. 

It is not, of course, experi- 
mentally possible in man to com- 
pare the movements of the exsected 
appendix with those of the viscus 
i n .  situ. In  order. however, to  
obtain some data for instituting 
such a comparison. one of the 
writers made some csperimcnts on 
the vcrmiform proccss of the rabbit. 
Fig. 65 shows the record of . thc 

contractions of the exsected venniform prom& of the rabbit, the experiment 
being conducted by the same method as was employed for thc isolatcd human 
appendix. It is apparent that the isolatcd rabbit’s appendix exhibits much 
thc same type of movement as does that of man. 

Fig. 66 shows the record of the movements of the rabbit’s appciidix in 
situ. In  this case the rabbit was anesthetized by chloroform, followed by 
urethane. The hind part of the animal was then immersed in a saline bath, 
which was kept a t  a temperature of 87’ C. Thc abdomen was opened in the 

FIG. GG.-Movementa of rabbit’s oppendix in Bitu. 

niiddle liiic, and tlic movements of the submerged appendix recordcd by R 

Cushny myocardiograph. It is clear that the record of the movement given 
by the exsected rabbit’s appendix (Pig. 65)  resembles that of the organ in its 
natural relations (Fig. 66) sufficiently closely to  warrant the iiifcrencc that the 
record of movement of the exsected human appendix will give a fair indica- 
tion, at all cvcnts, of the movements of the intact appendix in the body. 

We have not yet endeavoured to  determine the direction of peristalsis 
in the human appendix, though i t  may bc possible to  do this. Thc experiments 
show, so far, that the human appendix executes rhythmical contractions of a 
type that onc associates with thc moveinents of the mammalian large intestine. 
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The Innervation of the Appendix.-It is well known-as has clearly 
been shown, especially by Bayliss and Starlings-that the mammalian large 
intestine receives a double nerve supply-( 1) splanchnic (sympathetic) nerves, 
whose function is to diminish the tone and abolish the rhythmical contractions ; 
and ( 2 )  the pelvic visceral (parasympathetic) nerve, which has the antagonistic 
function of increasing the tone and augmenting the rhythmic movements. 
There was every reason to suppose that the innervation of the appendix would 

Fro. 67.-Movements of isoleted human a pendix under the sction of adrenine and pilocarpine ; 
rexnovd 14 hours previously. 

be qualitatively similar ; and i t  was possible to show this by means of the action 
of adrenine, which stimulates the sympathetic nerve-ends, and of pilocarpine, 
which stimulates the parasympathetic nerve-ends. 

Fig. 67 shows the movements of a human appendix removed one and a 
half hours previously. The addition of adrenine to  the Locke’s solution 
produced immediate relaxation, with abolition of the rhythmic contractiom- 

Fro. Ol.-Movements of isolated human aprndix under the sct.ion of pilocarpine and atropine ; 
removed 6 hours previously. 

an effect which corresponds to that which would be produced by stimulation 
of the splanchnic nerve-supply to the appendix. The subsequent addition 
of pilocarpine produced a very marked increase of tonus, accompanied by a 
re-appearance of the rhythmical contractions-an effect which corresponds 
to that which would be produced by stimulation of the pelvic visceral nerve- 
supply to the appendix. 
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The powerful motor effect of pilocarpine on the appendix is further shown 
in Fig. 68. This appendix had been removed thirty-six hours previously. 
and had remained for that time in cold Locke‘s solution. It was then put 
into warm oxygenated Locke’s solution in the usual way, and, though 
observed for half an hour, it showed no spontaneous movements. The addition 
of pilocarpine. however, almost immediately produced an inercased tone of 
the muscle of the appendix, with the appearance of dcfinite, though feeble, 
rhythmic contractions. The tracings also show the antagonistic action of 
atropine towards pilocarpine, in abolishing the effect of the latter. 

This experiment illustrates the time for which the appendix may be kept 
alive by the method used ; i t  shows, also, that absence of spontaneous move- 
ment cannot be taken to  mean death of the tissue. We have obtained the 
same result in other cases. 

The EYfects of Agedifference, and of Disease, on the Movements of 
the Appendix.-Once a general idea of the behaviour of the appendix under 
these conditions of experiment had been obtained, not the least interesting 
questions which arose were-how the movements are affected by the age of the 
patient, and by the condition of disease in the organ. These questions are 
inherently difficult to  answer, because i t  is practically impossible to  obtain 
the ideal condition of experiment-that, namely, of altering one factor at a time. 
Thus, for determining whether there is any constant difference in the niove- 
ments of the appendix at different periods of life, i t  would be fair only to  com- 
pare cases in which the pathological change was slight and uniform, and i n  
which the appendix was cxamined at an unvarying time after removal. I t  
is, therefore, possible to  make well-founded statements only as a result of a 
large number of experiments. 

In  our experience. however, the most lively movements h a w  occurred 
in appendices removed from young patients, under ten years of age. We have 
not had an opportunity of examining an  organically-occluded appendix. We 
have had cases varying widely in the severity of the inflammation, and our 
experiments have elicited the fact, which was not entirely to be expected, 
that a very severely inflamed appendix may still show spontaneous move- 
ments of not dcfinitely aberrant type. Indeed, a piece of appendix imniedi- 
ately adjacent to  a gangrenous portion which had ruptured through, showed 
no conspicuous impairment of movement. Our experiments have, therefore, 
already shown that retention of the power of executing spontaneous rhythmic 
contraction is not incompatible with the presence of very severe inflammation. 

For the reasons stated, further observations are necessary before thesc 
questions can be completely answered ; and in the meantime we mention these 
points, not as a final expression of opinion, but merely as a statement of thc 
rcsults of our experiments so far as they have gone. 
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